Gas chromatography of the serum of mice inoculated 6 hr earlier with Staphylococcus aureus, Escherichia coli K-12, and Clostridium chauvoei revealed the formation of products associated with the infections. Longer periods were required before compounds resulting from infecting the animals with Salmonella typhimuriun and other Clostridium species were detected by gas chromatographic means. The technique is sensitive to the presence of metabolites elaborated in vivo as a result of the presence of 100 to 35,000 cells. Each bacterial species caused the formation of distinctive compounds in infected mice, and substances chromatographically identical to these products were generated by the microorganisms in vitro as well.
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Many species of bacteria may produce bacteremia in man and animals. Frequently, an exact and rapid identification of the offending microorganism is necessary to select the appropriate antibiotic for treatment, but conventional methods for detection and identification of microorganisms in clinical specimens often require a 48-hr to 2-week period. Furthermore, these methods are not sensitive enough to detect the low number of organisms in body fluids, and hence a period for bacterial replication is necessary before their presence can be established by the laboratory techniques employed. Hence, a rapid and sensitive method for detecting and identifying the causal agents of bacteremia is urgently needed.
Gas chromatography has been used for differentiation of microorganisms growing in vitro (3, 4, 12, 13) . In previous studies, we have reported on the application of gas chromatographic techniques for the rapid and sensitive detection of viable bacteria and viruses (8, 9) . The electron capture detector, in particular, was found to be extremely sensitive for the detection of several microbial metabolites (7) . Although several investigators have employed gas chromatographic methods for the analysis of chemical components in biological and clinical specimens (1, 2, 5, 10, 11) , few studies have dealt with a systematic examination of pathogens with a view towards diagnostic application. This investigation was designed to determine the feasibility of employing ultrasensitive gas chromatographic techniques for rapid detection and identification of bacteremia in laboratory animals.
MATERIAIS AND METHODS Salmonella typhimurium, Staphylococcus aureus, Escherichia coli strains K-12 and ATCC 4157, Clostridium chauvoei, C. septicum, C. perfringens, and C. pasteurianum were grown for 24 hr at 37 C either in Brain Heart Infusion medium or, with the clostridia, in thioglycolate medium. A 24-hr culture was injected into mice, and the colonies isolated from blood cultures were then grown for 16 hr in Brain Heart Infusion medium. The cells were collected by centrifugation, the bacteria were washed twice with distilled water, and the population density was adjusted to 106 to 109 cells per ml. A 0.5-mi amount of this cell suspension was injected into mice weighing 25 to 30 g, and blood samples were collected at 0, 6, 16, 24, 48, and 72 hr by heart puncture.
Sera from four mice were pooled at each sampling time, and 2-ml serum samples were introduced into test tubes stoppered with serum caps and stored frozen until the time of extraction. Serum from infected and untreated animals and both uninoculated and inoculated culture media were handled in a similar manner. Immediately before extraction, the sample was thawed, and 0.2 ml of 5 N HCI and 1.0 ml of 0.2 M HCI-KCI buffer (pH 2.0) were added. The liquid was niixed well and centrifuged at 3,000 X g for 5 min. A 0.3-ml portion of the supematant fluid was dried with anhydrous sodium sulfate and extracted for 2 min with 3.0 ml of ether.
A 3-pliter sample of the ether layer was used for the initial gas chromatographic screening of the sample for characteristic microbial metabolites. The remaining portion of the supematant was evaporated to dryness, and excess HCI was removed by adding methanol three times and evaporating to dryness. The solution was then adjusted to pH 7.5 with NH40H, and the solutions were evaporated to dryness. The dry 474 on November 3, 2017 by guest http://iai.asm.org/ Downloaded from sample was then transferred into a glass-stoppered tube, dissolved in 1.0 ml of dry pyridine, and incubated at 70 C for 20 min. The clear solution was then mixed thoroughly with 0.2 ml of trimethylchlorosilane and 0.4 ml of hexamethyldisilazane. After 30 min at room temperature, the reaction mixture was centrifuged at 3,000 X g for 5 min. The supematant solution was dried with sodium sulfate, and a 3-,uliter sample was injected into a gas chromatograph (Aerograph model 204) fitted with an electron capture detector (Wilkens Instrument and Research, Inc., Walnut Creek, Calif.). The chromatograph was fitted with a 50:50 splitter so that compounds in a 1.5-liliter sample were recorded by the detector.
Gas chromatographic conditions were essentially the same as described previously by Mitruka and Alexander (8) . The operating temperatures were 110, 175, and 190 C for the column, detector, and injector, respectively.
RESULTS
A suspension containing 106 C. chauvoei cells injected intraperitoneally into mice caused acute bacteremia, and all of the animals died with bacteremia within 72 hr. Injections of S. typhimurium brought about the death of 50% of the mice within 48 hr, whereas 95% of the animals died within 72 hr after infection with C. septicum or S. typhimurium. The other bacterial species tested were not lethal to mice, although a small number of certain of the bacteria could be isolated from blood cultures of the mice 72 hr after infection. Patterns of induced bacteremia after injection with pathogenic and nonpathogenic bacteria are shown in Fig. 1 . The population density of viable cells of some species in the blood of mice decreased initially, but after 16 hr their numbers rose. On the other hand, E. coli, S. aureus, and several Clostridium species were eliminated rapidly from the blood of mice.
Gas chromatography of the serum 6 hr after inoculation revealed the presence of previously undetected compounds generated as a consequence of infection by S. aureus, E. coli K-12, and C. chauvoei. By contrast, products formed in the animal as a result of inoculation with S. typhimurium, E. coli 4157, C. perfringens, C. pasteurianum, and C. septicum were not observed until 16 to 24 hr (Table 1) . Although 5 X 103 to 4 x 105 cells per ml of blood were present when the first new peaks were noted in the serum samples, the sensitivity for bacterial detection ranged from 100 (C. chauvoei) to 35,000 (S. typhimurium) cells per 10 mm2 peak. These values for sensitivity were calculated from the number of bacteria in the 1. animals which was not present in the serum of uninoculated mice. presumably reflect variability in bacterial behavior or host responses. On the other hand, one to five characteristic peaks appeared in gas chromatograms prepared from sera of animals infected with these bacteria (Table 2 ). Such peaks were specific for the infection produced by a particular species of bacteria, and the compounds were not present in any other infection studied. Furthermore, most of these peaks were consistently present in Brain Heart Infusion cultures of the organisms. The characteristic peaks were distinct and occupied areas ranging from less than 10 to almost 9,000 mm2.
Chromatograms of samples prepared from Brain Heart Infusion cultures of each bacterial strain contained several different peaks. Some compounds were identical to those observed in uninoculated broth sampled at 0, 6, 16, 24, 48, and 72 hr, identical at least on the basis of their retention times. However, as shown in Table 3 , in which only representative data obtained for S. typhimurium are presented, compounds with retention times of 245, 395, 590, and 700 sec were generated both in vitro and in vivo. These compounds were not present in the uninfected animals or in animals from which serum was taken before the time of inoculation except for traces of a constituent with a retention time of 590 sec. With other bacteria too, chromatographically identical compounds were present in gas chromatograms prepared from cultures grown in vitro and from the serum of infected animals, and these metabolites were different from those associated with S. typhimurium ( Table 2) .
Chromatographic signatures reflecting the metabolic changes occurring in animals infected with each of the bacteria were obtained by assigning letters to the peaks in order of their retention times, as described by Henis et al. (4) . The signatures in each of these bacteremias were different (Table 4 VOL. 2, 1970 orders of nonmicrobial origin. Caution must be exercised, however, because not only has a mere handful of strains been examined to date but also there has been no concern with the effects of drugs, problems of mixed or multiple infections, difficulties arising because of idiosyncracies of the host, and limitations of the gas chromatographic procedure itself, as discussed by Marmion (6) .
